we have studied its interaction and emission with neutral b-cyclodextrin and with its phosphorylated analogue. b-Cyclodextrin (b-CD) is a cyclic oligosaccharide of seven D-glucopyranose units linked by a-1,4-glycosides to produce a conical cylinder with a hydrophobic inner cavity and hydrophilic rims (Fig. 1) . Modifications on the rim alcohols with charged groups greatly enhance water solubility. 7 The more nucleophilic primary alcohols (6-position; narrow rim) are more readily modified than the secondary alcohols (2-,3-positions) by strong electrophiles such as phosphoryl chloride to produce phosphoric acid derivatives of b-CD.
, inclusion
of dppz results in a dramatic increase in luminescence with multiple lifetimes. The sensitive response of photophysics to the environment reveals nanoscale variation of polarity.
Ruthenium(II) complexes with a dppz ligand (dppz = dipyrido[3,2-a:2 0 ,3 0 -c]phenazine) ‡ ( Fig. 1 ) exhibit extraordinary environmental sensitivity of their luminescence lifetimes and quantum yields. 1 The complexes emit at 600-650 nm in organic solvents 2a,b and in hydrophobic microenvironments, 2c-e as well as intercalated with DNA. 3 However, in aqueous solution, the emission is dramatically quenched. 4a This behaviour results from differential population of two close-lying dppz-localized 3 MLCT states, 4 with increased population of the low-lying non-emissive state favoured in polar and H-bonding solvents. 5 Hydrogen bonding of water to the dppz nitrogens in the excited state is proposed to be responsible for quenching, with H-bonds to both nitrogens required to completely extinguish luminescence. 5, 6 To expand our knowledge of [Ru(phen) 2 dppz] 2+ photophysics in restricted environments, we have studied its interaction and emission with neutral b-cyclodextrin and with its phosphorylated analogue. b-Cyclodextrin (b-CD) is a cyclic oligosaccharide of seven D-glucopyranose units linked by a-1,4-glycosides to produce a conical cylinder with a hydrophobic inner cavity and hydrophilic rims ( Fig. 1) . Modifications on the rim alcohols with charged groups greatly enhance water solubility. 7 The more nucleophilic primary alcohols (6-position; narrow rim) are more readily modified than the secondary alcohols (2-,3-positions) by strong electrophiles such as phosphoryl chloride to produce phosphoric acid derivatives of b-CD.
8
Cyclodextrins form inclusion complexes with organic molecules that insert non-polar guest regions into the cavity, whilst polar or charged regions remain exposed to solvent.
9 Bicyclic and tricyclic heteroaromatic molecules and polyaromatic hydrocarbons form inclusion complexes with b-CD with their long axes oriented through the cavity. has only minor effects on absorption and emission (ESI †). Low level hypochromism and emission suggest that the dppz ligand In contrast, binding to anionic phosphorylated b-cyclodextrin (b-P n CD) induces substantial changes in both the absorption and emission spectra of D-[Ru(phen) 2 dppz] 2+ ( Fig. 1) , with two identifiable regimes. Addition of low concentrations of
(Regime I). At higher host concentrations, the behaviour is reversed and absorption increases (Regime II). In Regime I, strong hypochromism in the dppz-polarized (370 nm) band and band-shape changes are consistent with insertion of this ligand. In Regime II, hypochromism is partly reversed but the lack of a single isosbestic point in the visible band, together with irreversible band-shape changes, imply that this does not represent a reversion to free dye but instead results from population of a second binding mode. This is supported by the observation of two independent regimes in the emission spectra. In regime I, addition of b-P n CD results in growth of a broad emission band centred at B645 nm which gains intensity until [b- . Correlating the steady-state and time-resolved emission data suggests that the B180 ns lifetime is associated with the 645 nm emission that predominates at low [b-P n CD]/ [Ru] , and the B32 ns lifetime is associated with the 620 nm emission that becomes increasingly important as [b-P n CD] is raised. The broad range of measured lifetimes can be interpreted to reflect population sampling of different environments, as previously concluded for binding to poly(dA). ‡ 11 We can elucidate the nature of different environments by comparing the photophysical characteristics of the complex bound to b-P n CD with those in organic solvents. The longest lifetime and emission maximum (B180 ns/ 645 nm) are similar to those in non-protic polar solvents such as acetonitrile (174 ns/634 nm; Table S1 , ESI †). We assign this component to [Ru(phen) 2 dppz] 2+ bound with its dppz ligand inserted deeply into the cavity, thus protecting the noncoordinating phenazine nitrogens from water. The intermediate lifetime and emission maximum (B32 ns/620 nm) is similar to that in methanol (27 ns/627 nm; Table S1 , ESI †), suggesting that dppz in this environment is more accessible to H-bonding solvent. The shortest lifetime (B5 ns) is similar to that in ethylene glycol (6.5 ns; Table S1 Notes and references ‡ Abbreviations: dppz = dipyrido[3,2-a:2 0 ,3 0 -c]phenazine; phen = 1,10-phenanthroline; bpy = 2,2 0 -bipyridine; poly(dA) = polydeoxyadenylic acid.
§ Under these conditions, no significant changes were observed with b-CD.
